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Purpose: The eyes are one of the most frequently involved organs in sarcoidosis in Asia, including Japan. Sarcoid uveitis is the major
complaint of ocular sarcoidosis. The detection of epithelioid granuloma (EG) requires histological biopsy of the uvea for the precise
diagnosis of sarcoid uveitis, because it is challenging to diagnose sarcoid uveitis without a history of systemic sarcoidosis. To diagnose
sarcoid uveitis, we have established novel methods.

Patients and Methods: In this study, we included 30 eyes of 21 patients with granulomatous uveitis diagnosed via slit-lamp
examinations, gonioscopy, fundus photography, and fluorescein angiography. Vitrectomy was performed to remove the vitreous
opacity with vision loss. To examine vitreous cell components, we used liquid-based cytology (LBC). To detect EG in an intraocular
irrigating solution, we collected vitreous cell components, and then the cell pellets were embedded in the cell block procedure.
Results: Here, we demonstrated the usefulness of the histological detection of EG and epithelioid cells (ECs) in LBC from vitreous
body specimens and in the cell block procedure from vitreous cell components in an intraocular irrigating solution. Our results showed
that the detection rates of EG were 6.3% (1/16) in LBC and 9.1% (1/11) in the cell block procedure in the sarcoid uveitis-suspected
group and 7.7% (1/13) in LBC and 28.6% (2/7) in the cell block procedure in the sarcoidosis group. We would discuss the specificity
of the EG/EC detection of ocular sarcoidosis.

Conclusion: Our methods are helpful in the precise diagnosis of ocular sarcoidosis and the control of the development of systemic
sarcoidosis.
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Introduction

The eyes are well known to be one of the most frequently involved organs in sarcoidosis in Asia, including Japan.'
A major manifestation of ocular sarcoidosis is sarcoid uveitis, and the eyes may be the initial organs involved in systemic
sarcoidosis.” It is challenging to diagnose sarcoid uveitis without a history of systemic sarcoidosis.” In a previous study,
the patients in the sarcoidosis group were classified into definite ocular sarcoidosis, presumed ocular sarcoidosis, and
probable ocular sarcoidosis based on the intraocular clinical signs, histological biopsy, and systemic investigation results
of the International Workshop on Ocular Sarcoidosis (IWOS) criteria.® In contrast, patients were classified into the

SUP - group) when more than two items were gained out of seven

sarcoid uveitis-suspected group (sarcoid uveitis
intraocular clinical signs without a histological biopsy and systemic investigation results.’
The uvea and retina are the main tissues involved in sarcoid uveitis. For a precise diagnosis of sarcoid uveitis, the

detection of epithelioid granuloma (EG) would be required by histological biopsy.* However, a histological biopsy of the
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uvea would increase the risk of blindness. Therefore, the appropriate examination of vitreous body specimens is required
to replace the histological detection of EG in the uvea for ophthalmologists and sarcoidosis specialists in patients with
vision loss.>®

Previously, we established liquid-based cytology (LBC) to examine vitreous cell components.”* This method required
a volume of 0.4-1.0 mL of vitreous body specimens and would reflect the histological detection of EG in the uvea
without the risk of blindness. However, our LBC method may not reflect the entire vitreous body because the volumes of
vitreous body specimens used in our method do not correspond to the total volume of the vitreous body (4 mL).

To treat uveitis with vitreous opacity, vitrectomy is often performed at our university hospital. During vitrectomy at
our hospital, the vitreous body is replaced by an intraocular irrigating solution (IS). As a result, approximately 100—
250 mL of the intraocular IS mixes with the vitreous body. It has been difficult for us to detect EG in such a high volume
of this intraocular IS because of the low cell density. Therefore, to detect EG in the intraocular IS, we collected vitreous
cell components via centrifugation, and the cell pellet was embedded in the cell block procedure. In this paper, for the
precise diagnosis of sarcoid uveitis, we demonstrated the usefulness of the histological detection of EG and epithelioid
cells (ECs) in LBC from vitreous body specimens and in the cell block procedure from vitreous cell components in the
intraocular IS.

Materials and Methods

Patients and Eyes
Thirty eyes of 21 patients with granulomatous uveitis diagnosed via slit-lamp examination, gonioscopy, fundus photo-
graphy, and fluorescein angiography were included in this study (Figures 1 and 2A-D). Before vitrectomy, all patients

susp

used betamethasone eye drops and only one patient took prednisolone in the sarcoid uveitis® P group. Vitrectomy was

performed to remove vitreous opacity with vision loss for the 16 eyes in the sarcoid uveitis®™?

group that did not meet the
diagnostic criteria for sarcoidosis and the 14 eyes in the sarcoidosis group (Figure 1). Two patients with sarcoid
uveitis®™*? who developed cardiac sarcoidosis in our hospital were excluded from this study because they did not have
vision loss that required vitrectomy.

All patients were treated using a 25-gauge pars plana vitrectomy instrument with either the Constellation Vision
System (Alcon Laboratories, Fort Worth, Texas, USA) or EVA vitrectomy system (DORC, Zuidland, The Netherlands)
for the removal of vitreous opacity. Standard core vitrectomy was performed under infusion with BSS Plus™ (Alcon,
Fort Worth, USA), and diluted vitreous fluid (0.4 mL) filling the vitrectomy cutter tube was obtained for LBC.”® After
the vitrectomy, diluted vitreous cell components in the drainage bag (100-250 mL) were collected for the cell block

procedure.

CD4/CD8 Ratio by Flow Cytometry

Navios (Beckman Coulter, Miami, FL) performed flow cytometry according to the standard protocol. To measure the
CD4/CD8 ratio of the diluted vitreous body, we used the Dual Color Kit CD4/CD8 [CD4-FITC (clone 13B8.2), CD8a-PE
(clone B9.11), Beckman Coulter] as was done in a previous study.g

LBC and Cell Block Procedure

We performed LBC on 30 samples from vitreous bodies to identify EG/ECs in the sarcoid uveitis®™*P

group and
sarcoidosis group (Tables 1 and 2, respectively). LBC specimens were performed using a Surepath® (BD Diagnostics,
Tokyo, Japan) system as previously described.” For Papanicolaou staining, these properly processed specimens were
fixed in 95% ethanol for 10 min. Out of 30 samples, this method produced 29 LBCs.

We performed cell block procedure specimens on 19 samples from vitreous bodies to identify EG/ECs in sarcoid the
uveitis®™P group and the sarcoidosis group (Tables 1 and 2, respectively). After the supernatant liquid was decanted, the
sediment was fixed in 10% neutral-buffered formalin (five times the volume of the sediment) for 24 hours. After
centrifugation at 3000 rpm for 5 min (Model 5911, KUBOTA), the formalin was decanted. We added 0.1 mL of 1%

sodium alginate (JUNSEI CHEMICAL, Tokyo, Japan) and 0.2 mL of calcium chloride (FUJIFILM Wako Pure Chemical
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Granulomatous uveitis satisfied with three
items of seven intraocular clinical signs
suggestive of ocular sarcoidosis (0OS)
based on IWOS criteria (21 patients, 30 eyes)

Diagnosis supported by biopsy
and/or
Two systemic investigation results

not satisfied satisfied
A\ 4
Sarcoidosis group
Sarcoid uveitisss? group - Definite OS, 4 patients, 4 eyes
+10 patients, 16 eyes « Presumed OS, 7 patients, 10 eyes

« Probable OS, none

A \ 4

Epithelioid cells/epithelioid granuloma detection
by LBC and cell block

Figure | Flowchart of the specimen-selection procedure in this study. The specimens, which were taken from 30 eyes of patients with granulomatous uveitis that satisfied
more than two items of seven intraocular clinical signs suggestive of ocular sarcoidosis, were classified according to the diagnostic criteria for sarcoidosis. Eleven patients did
not meet the criteria and were classified into the sarcoid uveitis-suspected group. We used |6 eyes from these || patients for vitrectomy. Ten patients met the criteria and
were classified into the sarcoidosis group. We used 14 eyes from these 10 patients for vitrectomy. To detect epithelioid granuloma/epithelioid cells, liquid-based cytology and
the cell block procedure were performed on vitreous body specimens obtained by vitrectomy.

Corporation, Osaka, Japan) to the sediment to solidify it. The solid sediment was embedded in paraffin and used for
hematoxylin—eosin staining. Out of 19 samples, this method produced 18 cell block procedures.

Cytological and pathological diagnoses were made at the Yamagata University Hospital between 2015 and 2021. All
cases were reviewed by experienced pathologists (OR and FM). This study was approved by the Research Ethics
Committee of the Yamagata University Faculty of Medicine (2019-314) and conducted in accordance with the
principles of the Declaration of Helsinki. Because of the retrospective study design, the requirement for patients’
informed consent was waived by the institutional review board. All data were handled with confidentiality to ensure
participants’ privacy.

Statistical Analysis
To compare the detection rates of EG/ECs, Fisher’s exact test was used.

Results
EG/ECs in Vitreous Body Samples from the Group of Patients with Suspected

Sarcoidosis

The findings of EG/ECs in vitreous body specimens in the sarcoid uveitis
in Table 1. Pathologically, EG was defined as a granuloma consisting of more than 10 ECs. Pathologically, ECs were
defined as cells with monocyte-like nuclei, broad cytoplasm, and adhesive properties. In LBC, the detection rate of EG
was 6.3% (1/16), whereas that of ECs was 93.8% (15/16). In the cell block procedure, the detection rate of EG was

9P oroup are shown in Figure 3A and B and

Clinical Ophthalmology 2022:16 heeps: 3291

Dove:


https://www.dovepress.com
https://www.dovepress.com

Ohe et al Dove

Figure 2 Clinical findings of patients in the sarcoid uveitis-suspected group. A 79-year-old female with bilateral granulomatous panuveitis presented with a negative
tuberculin test but no bilateral hilar lymphadenopathy and serum angiotensin converting enzyme elevation. She had intraocular clinical signs suggestive of ocular sarcoidosis,
including Mutton-fat keratic precipitates (arrowhead) in the slit-lamp examination (A), tent-shaped peripheral anterior synechia (arrowhead) in gonioscopy (B), multiple
chorioretinal peripheral lesions (arrowhead) and segmental periphlebitis (arrow) in a fundus photograph (C), focal perivenous leakage (arrow) and multiple small round
chorioretinal lesions (arrowhead) in fluorescein angiography (D).

9.1% (1/11), whereas that of ECs was 81.8% (9/11). In summary, specific findings of sarcoid uveitis by LBC were
observed in 15 of 16 eyes, and specific findings of sarcoid uveitis by the cell block procedure were observed in 9 of 11
eyes (Table 1)

Table | Epithelioid Granuloma/Epithelioid Cell in Vitreous Body Sample in the Group of the Patients with Sarcoid Uveitis, Suspected

Case Eye No. Age Sex Laterality Clinical Diagnosis Liquid-Based Cytology Cell Block
| | 79 F R Sarcoid uveitis, suspected Epithelioid cell Epithelioid granuloma
2 2 60 F L Sarcoid uveitis, suspected Epithelioid cell Epithelioid cell
3 60 F R Sarcoid uveitis, suspected Epithelioid cell NA
3 4 62 M R Sarcoid uveitis, suspected Negative NA
5 62 M L Sarcoid uveitis, suspected Epithelioid granuloma Epithelioid cell
6 58 F R Sarcoid uveitis, suspected Epithelioid cell Epithelioid cell
7 58 F R Sarcoid uveitis, suspected Epithelioid cell NA
8 62 F L Sarcoid uveitis, suspected Epithelioid cell Epithelioid cell
9 62 F R Sarcoid uveitis, suspected Epithelioid cell Epithelioid cell
7 10 62 F L Sarcoid uveitis, suspected Epithelioid cell Negative
I 62 F R Sarcoid uveitis, suspected Epithelioid cell Epithelioid cell
8 12 70 F R Sarcoid uveitis, suspected Epithelioid cell Epithelioid cell
13 70 F L Sarcoid uveitis, suspected Epithelioid cell Negative
9 14 63 M R Sarcoid uveitis, suspected Epithelioid cell Epithelioid cell
10 15 71 M R Sarcoid uveitis, suspected Epithelioid cell Negative
16 71 M L Sarcoid uveitis, suspected Epithelioid cell NA
Detection rate of epithelioid granuloma 6.3% (1/16) 9.1% (1/11)
Detection rate of epithelioid cell 93.8% (15/16) 81.8% (9/11)

Abbreviation: NA, not available.

3292

https:

Dove!

Clinical Ophthalmology 2022:16



https://www.dovepress.com
https://www.dovepress.com

Dove

Ohe et al

Table 2 Epithelioid Granuloma/Epithelioid Cell in Vitreous Body Sample in the Group of the Patients with Sarcoidosis

Case Eye No. Age Sex Laterality Clinical Diagnosis Liquid-Based Cytology Cell Block
11 17 72 F L Sarcoidosis Epithelioid cell NA
12 18 59 F L Sarcoidosis Epithelioid cell Epithelioid granuloma
19 60 F R Sarcoidosis Epithelioid cell NA
13 20 78 F R Sarcoidosis Epithelioid cell NA
21 L Sarcoidosis Epithelioid granuloma Epithelioid cell
14 22 72 M R Sarcoidosis Epithelioid cell Epithelioid cell
15 23 67 F L Sarcoidosis Epithelioid cell Epithelioid granuloma
16 24 78 M R Sarcoidosis NA NA
17 25 40 F R Sarcoidosis Epithelioid cell Epithelioid cell
18 26 76 M R Sarcoidosis Epithelioid cell Epithelioid cell
27 L Sarcoidosis Epithelioid cell NA
19 28 75 F R Sarcoidosis epithelioid cell NA
20 29 31 M L Sarcoidosis Epithelioid cell Epithelioid cell
21 30 80 F L Sarcoidosis Epithelioid cell NA
Detection rate of epithelioid granuloma 7.7% (1/13) 28.6% (217)
Detection rate of epithelioid cell 100% (13/13) 100% (717)

Abbreviation: NA, not available.

EG/ECs in Vitreous Body Samples in the Group of Patients with Sarcoidosis

The findings of EG/ECs in vitreous body specimens in the sarcoidosis group are shown in Table 2. Similar to the sarcoid
uveitis®™*P group, we identified EG/ECs in vitreous body specimens in the sarcoidosis group. In LBC, the detection rate of
EG was 7.7% (1/13), whereas that of ECs was 100% (13/13). In the cell block procedure, the detection rate of EG was
28.6% (2/7), whereas that of ECs was 100% (7/7). In summary, the specific findings of sarcoid uveitis by both LBC and

the cell block procedure were observed in all eyes that were examined (Table 2).

Comparison of the Detection Rates of Epithelioid Granuloma/Epithelioid Cells
Between the Sarcoid Uveitis®**P Group and the Sarcoidosis Group

Our results revealed that the detection rate of EG in the sarcoid uveitis®**P
group (LBC, P = 1; cell block procedure, P = 0.528), and the detection rate of ECs in the sarcoid uveitis®**P group was

similar to that in the sarcoidosis group (LBC, P = 1; cell block procedure, P = 0.096).

group was similar to that in the sarcoidosis

Discussion

The uvea is adjacent to the retina, and the retina touches the vitreous body. These anatomical pieces of evidence indicate
that inflammation in the uvea (uveitis) would spread to the retina, resulting in retinitis, and retinitis would spread to the
vitreous body. Therefore, the inflammation of sarcoid uveitis spreads to the vitreous body through the retina, resulting in
vitreous opacity and vision loss. In this study, we considered that the cell components in the vitreous body would reflect
the inflammatory cells associated with sarcoid uveitis. Therefore, a vitreous biopsy LBC could assess sarcoid uveitis.

In non-granulomatous uveitis, neutrophils, lymphocytes, and macrophage would be detected in the vitreous body. In
granulomatous uveitis, epithelioid cells would be detected in the vitreous body because these cells are specifically
induced in granulomatous inflammation, such as tuberculosis and sarcoidosis. Therefore, we considered that the present
methods would contribute to the diagnosis of sarcoid uveitis.

Systemic sarcoidosis is known to occur EG in several organs, including the lungs, lymph nodes, eyes, heart, and
skin.'” Ocular sarcoidosis is one of the initial manifestations of systemic sarcoidosis, and sarcoid uveitis is a major
manifestation of ocular sarcoidosis.? For the treatment of patients with sarcoid uveitis, vitrectomy would be performed to
remove vitreous opacity, and then vitreous body specimens and an intraocular IS were obtained. Thus, to detect EG, we
used LBC for vitreous body specimens and the cell block procedure for vitreous cell components in the intraocular IS.
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Figure 3 Liquid-based cytology and the cell block procedure from vitreous body specimens obtained by vitrectomy. Liquid-based cytology shows epithelioid granuloma (A),
Papanicolaou staining; arrow). We defined an epithelioid granuloma as a lesion consisting of more than 10 epithelioid cells. The cell block result shows epithelioid cell
granuloma (B), hematoxylin-eosin staining; arrow). Bars, 50 um.

In this study, we examined 10 patients with sarcoid uveitis®P and 11 patients with sarcoidosis. Among the 11 patients
with sarcoidosis, several lesions were observed in the eyes and other organs. Eleven patients with sarcoid uveitis®"*?
gained more than two items out of seven intraocular clinical signs based on the IWOS criteria for ocular sarcoidosis.’
However, granulomatous lesions were not detected in other organs except the eyes. Up to 32.6-80% of patients with
sarcoid uveitis develop systemic sarcoidosis." In our hospital, two patients with sarcoid uveitis developed cardiac
sarcoidosis (data not shown). Thus, a prior diagnosis of ocular sarcoidosis predicts the subsequent development of
systemic sarcoidosis and underscores the need for constant observation by the physician. If we found EG in other organs,
we would start the initial treatment for systemic sarcoidosis without delay. The detection of EG via histological biopsy
would be required for the precise diagnosis of systemic sarcoidosis.* In this study, we identified EG via LBC of vitreous
body specimens and via the cell block procedure in the intraocular IS by vitrectomy (Figure 3A and B). In the sarcoid
uveitis®™® group, the detection rates of EG were 6.3% (1/16) in LBC and 9.1% (1/11) in the cell block procedure.
However, in the sarcoidosis group, the detection rates of EG were 7.7% (1/13) in LBC and 28.6% (2/7) in the cell block

procedure. Our results revealed that the detection rate of EG in the sarcoid uveitis®™*P

group was similar to that in the
sarcoidosis group. We could recognize clear EG in both LBC and the cell block procedure in each group despite these

low detection rates. Recognition of clear EG in LBC and/or cell block procedure would reflect histological detection of

EG in the uvea. If we could recognize clear EG in LBC and cell block procedure from vitrectomy, sarcoid uveitis®*?
group should be considered as the sarcoidosis group.
3294 s Clinical Ophthalmology 2022:16
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In this study, the detection rates of EG in LBC and the cell block procedure were low because a few EGs were
detected in vitreous cell components, whereas many ECs were detected in these components. In sarcoidosis lesions, ECs
assemble and form EGs. However, the detection of EC was not included in the diagnostic criteria for systemic
sarcoidosis. To include the detection of EC in the list of diagnostic criteria for systemic sarcoidosis, we should discuss
the specificity of EC detection to ocular sarcoidosis. ECs in vitreous body specimens would be observed in patients with
sarcoid uveitis, tuberculous uveitis, and Vogt—Koyanagi—Harada disease. Because ECs in the vitreous body could reflect
choroidal granuloma in tuberculous uveitis'' and Vogt-Koyanagi-Harada disease,'? these two diseases should be ruled
out for a precise diagnosis of sarcoid uveitis. A combination of a chest X-ray, purified protein derivative interferon-y-
release assay, and history of pulmonary tuberculosis would help diagnose tuberculous uveitis.'* The diagnosis of Vogt—
Koyanagi—Harada disease is easy because of specific clinical examinations, such as the detection of the specific human
leukocyte antigen type, fluorescein angiography, indocyanine angiography, and optical coherence tomography.'?
Altogether, the specificity of EC detection for the diagnosis of ocular sarcoidosis would increase with the help of

susp

these clinical examinations. It is possible that the sarcoid uveitis®™" group (sarcoid uveitis) is considered the patholo-

gically compatible (sarcoid uveitisP®™! ©™Pa%) oroup by the recognition of ECs in LBC and the cell block procedure
Spathol compati

from vitrectomy. Our methods may bring benefits to the patients in the sarcoid uveiti group by having them

undergo the following examination to check for signs of progression to systemic sarcoidosis.

susp

Because we used only 16 samples in the sarcoid uveitis®P group, further studies on more samples are required to

draw conclusions with certainty.

Conclusion
In summary, we have established novel methods to diagnose sarcoid uveitis. We detected EG/ECs in LBC from vitreous
body specimens and in the cell block procedure from vitreous cell components in the intraocular IS. It is possible that those in

susp

the sarcoid uveitis™? group would be considered patients with ocular sarcoidosis by the recognition of EG in LBC and the

cell block procedure from vitrectomy. Our methods would be helpful in the precise diagnosis of ocular sarcoidosis.

Abbreviations
IWOS, International Workshop on Ocular Sarcoidosis; EG, epithelioid granuloma; LBC, liquid-based cytology; IS,
irrigating solution; ECs, epithelioid cells.
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